INTRODUCTION
============

Several prior studies have found that contrast-enhanced ultrasound (CEUS) can differentiate between malignant and benign breast tumors \[[@B1]-[@B4]\]. However, the specificity was not optimal for clinical diagnostic use. Although the use of microbubbles increased the ability to distinguish between the two tumor types, the findings were only semi-quantitative and there was still a need to improve the specificity \[[@B5]-[@B8]\]. In order to improve the quantitative aspect of this technique, we used the SonoLiver software (the latest 1.0 version; TomTec Imaging Systems, Munich, Germany) to analyze the findings.

SonoLiver software facilitates the analysis of contrast-enhanced, dynamic vascular perfusion ultrasonography. Briefly, it provides automatic motion compensation by finding the optimal geometrical transformation for aligning a floating image with respect to a reference image \[[@B9]\]. Through this software, the time-intensity curve related to the perfusion can be obtained and used to analyze the quantitative perfusion characteristics of blood within a tumor, which is difficult by solely using an ultrasonography. The software was originally designed for diagnosing focal liver masses. Here, we investigated as to whether the SonoLiver software could be used to improve the analysis of breast tumors and possibly help distinguish the difference between malignant and benign lesions.

Parametric images of the relative dynamic vascular pattern (DVP) were generated by the SonoLiver software. SonoLiver implements video data linearization (i.e., creating signal amplitude of the time-intensity curve proportional to the echo power and thus proportional to the local concentration of the contrast agent). The final results are presented as parametric maps, summarizing the dynamic vascular signatures into single images, referred to as DVP parametric images; DVP parametric images reflect the different vascular signatures of lesions in comparison to the neighboring parenchyma \[[@B10]\]. In parametric imaging, the red area represents a shorter time whereas the blue area represents a longer time. In this study, ultrasound imaging examination was performed in 216 breast lesions. The CEUS parameters were analyzed by the latest SonoLiver software in order to discuss the diagnostic value in breast tumors.

METHODS
=======

Study population
----------------

The study was approved by the Ethics Committee of Shanghai Pudong New Area People Hospital, and patients\' informed consent was obtained. From January 2010 to March 2012, 216 women (age range, 21-75 years; mean±SD, 46±12 years) were included in this study. All of the patients were prospectively selected on the basis of suspicion of breast lesions on conventional ultrasonography. Of these 216 patients, 201 had solitary lesions and 15 had multiple lesions. When a patient had multiple lesions, only the largest and most suspicious lesion on the baseline was evaluated; thus, 216 breast lesions in 216 patients constituted the study group. The maximum diameters of the lesions ranged from 6 to 31 mm (mean±SD, 18±7 mm). The diagnoses for all 216 lesions were confirmed by histopathologic examination with specimens obtained by a surgical resection. The pathologic analysis revealed 113 malignant breast lesions (93 ductal carcinoma, 4 invasive lobular carcinoma, 6 intraductal papillary carcinoma, 3 medullary carcinoma, 7 ductal carcinoma) and 103 benign breast lesions (68 fibroadenoma, 29 adenosis, 6 intraductal papilloma).

Ultrasound techniques
---------------------

The study was performed with digital US scanners equipped with a dedicated program for low-mechanical-index studies (Sequoia; Siemens Medical Solutions, Mountain View, USA) and a 10 MHz transducer. The contrast medium employed was SonoVue (Bracco Imaging, Milan, Italy). The US study was carried out at a baseline and after an intravenous injection of a 2.5-mL bolus of contrast medium followed by about 5 mL of saline solution. CEUS was performed using continuous imaging with low mechanical index and panoramic scans targeted on the main lesion.

Image analysis
--------------

We used TomTec\'s SonoLiver software (latest 1.0 version). The quantitative analysis and parametric imaging process of SonoLiver was described in detail in the previous publications \[[@B9],[@B10]\]. The SonoLiver software not only can quantitatively analyze the time-intensity of the lesion after contrast pulse sequence, but can also combine the DVP parameters. Further, SonoLiver can paint the region of interest (ROI): 1) border ROI, draw the imaging acoustic window to be analyzed, including the lesion and the surrounding tissue; 2) lesion ROI, draw the outline of the entire lesion to be analyzed; 3) reference ROI, the area neighboring the lesion ROI. SonoLiver outputs data 1) the peak intensity (maximum intensity, Imax) and the rise time (RT), defined as the time contrast that the agent reaches the lesion, associated with the blood supply, and the time to peak (TTP), defined as the time the lesions go up to the maximum contrast intensity, which is related to the lesion\'s enhanced speed. Mean transit time (mTT) is defined as the time the lesion began to increase to the half peak intensity, which relates to the contrast agent clearance speed in the lesion; 2) Dynamic Video, distribution of DVP (distribution of DVP parameter). DVP parametric images reflect the different vascular signatures of lesions in comparison to the neighboring parenchyma.

Quantitative analysis and parametric imaging were analyzed in all images of benign and malignant breast lesion. This study focused on the analysis of breast tumors in three time-related parameters (i.e., RT, TTP, and mTT) and on the distribution of DVP.

If the time-related parametric imaging (RT, TTP, and mTT parametric imaging) showed a clutter-color, colorful, massive or patchy distribution, it was given 1 point. If the parametric imaging showed clarity and a single blue/green color, it was given 0 points. RT, TTP, and mTT parameter of each case were scored and summed to yield a total score. For example, for the case in [Figure 1](#F1){ref-type="fig"}, the RT parametric imaging was given 1 point ([Figure 1A](#F1){ref-type="fig"}), the TTP parametric imaging was given 1 point ([Figure 1B](#F1){ref-type="fig"}), and the mTT parametric imaging was given 1 point ([Figure 1C](#F1){ref-type="fig"}). Finally, the total score of this case was 3 (1+1+1=3). In the case of [Figure 2](#F2){ref-type="fig"}, the RT parametric imaging was given 0 points ([Figure 2A](#F2){ref-type="fig"}), the TTP parametric imaging was given 0 points ([Figure 2B](#F2){ref-type="fig"}), and the mTT parametric imaging was given 0 points ([Figure 2C](#F2){ref-type="fig"}). Finally, the total score of this case was 0 (0+0+0=0). The range of the final total score of each case can only be 0 to 3. The lesion with a total score of 0 or 1 was classified as benign and the lesion with a total score of 2 or 3 was classified as malignant. Next, there were two sets of diagnostic results of this parametric method: benign (-) and malignant (+) identical to the pathological diagnosis. Finally, there were four kinds of cases: pathological (+) parameter (+); pathological (-) parameter (+); pathology (+) parameter (-); pathologic (-) parameter (-). The purpose of the pathological diagnosis, as the gold standard, was to calculate the sensitivity, specificity, and accuracy of the parameter diagnosis method. All parameter image scoring were independently analyzed by two senior physicians with extensive experience in ultrasound contrast.

Statistical analysis
--------------------

SAS 8.0 statistics software (SAS Inc., Cary, USA) was used for data analysis. The w-test was applied to determine whether the data had normal or nonnormal distribution. The t-test was applied when the data followed a normal distribution. The Mann-Whitney U-nonparametric test was used when the data had a nonnormal distribution. The *p* \<0.05 was considered as statistically significant.

RESULTS
=======

The performance of contrast-enhanced ultrasound time-related parametric imaging in breast lesions
-------------------------------------------------------------------------------------------------

Different regions in the lesions had different time values. SonoLiver software automatically codes the length of time for those that are color-coded. Purple, red, yellow, light blue, dark blue transition represents time from short to long. The red area represents a shorter time. The blue area represents a longer time. The time-dependent parametric imaging of 98 malignant lesions (98/113, 86.7%) performed a clutter-color, colorful, massive or patchy distribution ([Figure 1](#F1){ref-type="fig"}). The time-dependent parametric imaging of 85 benign lesions (85/103, 82.5%) performed a single blue/green color distribution ([Figure 2](#F2){ref-type="fig"}).

Time related indicators of benign and malignant breast lesions
--------------------------------------------------------------

In this study, the rise time, time to peak and mean transit time was collectively referred to as time-related indicators. According to [Table 1](#T1){ref-type="table"}, the rise time and the time to peak were longer in the benign group than those in the malignant group. The mean transit time in the benign group was also longer than that in the malignant group. The difference was statistically significant (*p*=0.006).

Diagnostic values of parametric imaging in breast tumors
--------------------------------------------------------

The results depicted four kinds of cases: 95 cases were pathological (+) parameter (+), 15 cases were pathological (-) parameter (+), 18 cases were pathology (+) parameter (-), and 88 cases were pathologic (-) parameter (-). The sensitivity, specificity and accuracy of parametric imaging in breast tumors were 84.1%, 85.4%, 84.7%, respectively.

Distribution of DVP parameter of benign and malignant tumors
------------------------------------------------------------

The distribution of DVP only appeared in the ROI of the lesion. In the distribution of DVP, yellow/red shows an enhanced level higher than the surrounding tissue, blue/green shows an enhanced level lower than the surrounding tissue, and black shows an enhanced level equal to the surrounding tissue.

The distributions of DVP in the benign and malignant tumors were significantly different. One hundred one malignant tumors (89.4%) performed an irregular red/yellow fill in ROI ([Figure 3](#F3){ref-type="fig"}) and 85 benign tumors (82.5%) performed a single blue/green fill in ROI ([Figure 4](#F4){ref-type="fig"}). Eighteen benign tumors (17.5%) performed a few points of linear red/yellow fill in ROI, and most of the tumors were a blue/green fill in ROI ([Figure 5](#F5){ref-type="fig"}).

DISCUSSION
==========

Ultrasound imaging has played a key role in the evaluation of breast lesions in clinical settings. It is very important to assess the blood flow changes in breast lesions. In this study, we investigated CEUS for the evaluation of breast lesions. To improve the quantitative aspect of this technique, we used the SonoLiver software. SonoLiver software differs from the traditional software because it uses the parameters to create DVP parametric imaging. The results show that the distribution of DVP for malignant tumors performed an irregular disorder or a red/yellow fill in ROI, whereas the distribution of DVP for benign tumors performed a single blue/green fill in ROI. Studies have confirmed that breast cancer has higher microvessel density (MVD) than benign tumors. Malignant tumors usually have a rich blood supply and a larger number of feeding arteries as compared to benign tumors \[[@B3]\]. The pathological basis of benign and malignant tumors results in its own characteristic distribution of DVP parametric imaging. DVP parametric imaging can reduce the pressure for ultrasound physicians in reading the images and contributing to the differential diagnosis of benign and malignant tumors.

Our study also found that the time-dependent parametric imaging (RT, TTP, and mTT parametric imaging) had significant differences in benign and malignant tumors. The 82.5% of benign lesions performed a single blue/green distribution and 86.7% of malignant lesions performed a clutter-color, colorful, massive or patchy red/yellow distribution. Parameters in each region of the lesion were different; the reasons for such difference could be due to the angiogenesis of benign breast tumor, which is the proliferation of normal breast blood vessels, thickening, such that this may result in parameter images relative to a single color. The angiogenesis of breast cancer is the revascularization and spatial distribution of clutter, vascular uneven thickness, traveling tortuous, arteriovenous fistula formation or blind-side blood vessels. These pathological changes may lead to the variation in the time points of the rise time, time to peak and mean transit time in breast cancer imaging. Therefore, it results in a strong correlation between time and imaging of breast cancer.

The rise time and time to peak of breast cancer were significantly shorter than that of benign tumors (*p*=0.007 and *p*=0.009, respectively), consistent with the study of Li et al. \[[@B11]\]. Breast cancer belongs to a rich blood supply of tumors, vascular thickening, distorting, and often there is dynamic arteriovenous fistula \[[@B12]-[@B14]\]. The vascular proliferation of benign tumors is from normal breast blood vessels. Their different vascular pathological features are the main reasons as to why RT and TTP of malignant tumors are shorter than that of benign lesions.

The mTT in the benign group is longer than that in the malignant group (*p*=0.006). Several studies have also obtained similar results \[[@B15]-[@B17]\], but only one of these studies \[[@B17]\] showed a statistically significant difference in mTT between benign and malignancy. The shorter mTT likely reflects these morphological differences, resulting in a more rapid flow of microbubbles through malignant tumors as compared to the more normal vasculature of a benign mass. It may also result from arteriovenous shunting due to incomplete or inappropriate blood vessel formation. In addition, the sample size of our study is very large; therefore, our findings are more credible.

Our study used a total score to quantify the rise time, time to peak and mean transit time parameters. This method is parametric imaging diagnostic method and relatively easy to use in the differential diagnosis of benign and malignant breast tumors. This method takes full advantage of the characteristics of the three time-related indicators. It is more comprehensive and objective to reflect on the characteristics of parametric imaging. The parametric imaging of the diagnostic method combines high sensitivity and specificity (84.1% and 85.4%, respectively). Moreover, this method has high clinical value. It would be interesting to determine whether CEUS improves the diagnostic accuracy of malignant versus benign characterization over gray-scale and color Doppler findings. It may not substantially improve the gray-scale diagnosis but could yield an increase in diagnostic confidence, which is also critical to the diagnosis.

However, there were limitations to this study. First, it is difficult to scan an entire breast within a few minutes before the contrast agent washes out. Therefore, breast CEUS can only image a particular lesion at any one time. Second, in this study, we selected the reference ROI, the area neighboring the lesion ROI, it included both breast parenchyma and fat tissue. It can affect the value and the analysis of the lesion ROI. Our project group will conduct further research on this issue.

In conclusion, there have been limited studies on the use of CEUS in distinguishing between benign and malignant breast tumors; yet, the results have not been consistent, indicating a need for further development \[[@B12]\]. Our findings indicate that CEUS parametric imaging appears to have a clinical value in improving the differential diagnosis of benign and malignant breast tumors.
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![In a 59-year-old woman with a palpable mass in the inner upper quadrant of her left breast, surgical pathology proved an invasive ductal carcinoma. Rise time (RT) parametric imaging was given 1 point (A), time to peak (TTP) parametric imaging was given 1 point (B), and mean transit time (mTT) parametric imaging was given 1 point (C). Finally, the total score of this case was 3 (1+1+1=3).](jbc-16-208-g001){#F1}

![In a 35-year-old woman with a palpable mass in the outer upper quadrant of her right breast, surgical pathology proved a fibroadenoma. Rise time (RT) parametric imaging was given 0 points (A), time to peak (TTP) parametric imaging was given 0 points (B), and mean transit time (mTT) parametric imaging was given 0 points (C). Finally, the total score of this case was 0 (0+0+0=0).](jbc-16-208-g002){#F2}

![In a 68-year-old woman with a palpable mass in the outer upper quadrant of her left breast, surgical pathology proved an invasive ductal carcinoma. Distribution of dynamic vessel pattern performed a red/yellow fill.](jbc-16-208-g003){#F3}

![In a 25-year-old woman with a palpable mass in the inner upper quadrant of her left breast, surgical pathology proved a fibroadenoma. Distribution of dynamic vessel pattern performed a single blue/green fill.](jbc-16-208-g004){#F4}

![In a 31-year-old woman with a palpable mass in the inner upper quadrant of her right breast, surgical pathology proved a fibroadenoma. Distribution of dynamic vessel pattern performed a few points of linear red/yellow fill and most of the lesion were a blue/green fill.](jbc-16-208-g005){#F5}
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Data are presented as mean±SD.

RT=rise time; TTP=time to peak; mTT=mean transit time.
